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Abstract. Some proper t ies  of proton secre t ion by  r ice  leaf s egmen t s  w e r e  investigated. T h e  
inf luence of l ight on proton secre t ion w a s  a lso  examined. Proton secre t ion w a s  found to  be  
a n  act ive  process.  T h e  inhibition by  v a n a d a e  b u t  not by  n i t r a t e  and  promotion by fusicoccin 
indicated t h a t  proton secre t ion b y  r ice  leaf  s egmen t s  or ig inated f r o m  a n  ATP -d r iven  
pump located in t h e  p l a sma  m e m b r a n e .  KCI, and  h a d  s t imula to ry  effect  on proton 
secretion unde r  both l ight a n d  d a r k  conditions. in contras t ,  inhibited proton secrtion. 
T h e  r e l a t ive  o rde r  by which anions  s t imula t ed  proton secre t ion in the  d a r k  w a s  

KNO, > KI > KCI. No s ignif icant  d i f f e rence  in s t imulat ing proton secre t ion w a s  observed 
among anions  in the  light. Light -s t imulated proton secr t ion is detectable  when t h e  ou te r  
med ium includes KI  and  In  con t ra s t ,  l ight inhibition of proton secre t ion w a s  
observed when leaf s egmen t s  w e r e  incubated in t h e  presence of a n d  F u r t h e r m o r e ,  
light exe r t s  no effect  on proton secre t ion in t h e  presence of and  I t  i s  t h a t  
t he  influence of l ight on proton secre t ion depends  on t h e  a s s a y  condition. 

inhibited l ight -s t imulated proton secre t ion suggesting t h a t  l ight-st imulated 
proton secre t ion is re la ted  to photosynthetic system. Proton secretion unde r  both light and  
d a r k  conditions w a s  found to be promoted by benzyladenine bu t  inhibited by indoleacetic acid, 
abscisic acid and  cycloheximide. 
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Introduction Reports on the  influence of l ight  on proton 
secretion by  leaves a r e  controversial.  In  slices 

Exchange of between plant cells and  of oat,  Atirplex, pea and  bean leaves, l ight 
the i r  surroundings is associated with a wide stimulated ne t  proton efflux (Gepstein, 1982: 

range  of metabolic processes, and expecially Lut tge  et al., 1970; Nobel, 1969; Van 
solute t ransport .  I t  has  been shown t h a t  plant bourgh and  Cleland, In  contrast ,  l ight  
tissues a r e  capable of ex t ruding  into the  was found t o  inhibit proton secretion f rom 

outer  medium (Bown, 1982; Bown and  Nicholls, isolated mesophyll cells (Bown, 1982; 

and 1979; Gepstein, 1982; Bown and Nicholls, 1985). 

Lin, 1979; Van Volkenbourgh and Cleland, 1980). In  the  present  s tudy,  some character is t ics  

of proton secretion by rice leaf segments  
Abbreivation: ABA, abscisic ac id;  BA, benzyladenine;  
CHI, cycloheximide; DCMU, were  examined. T h e  influence of l ight  on 

dimethylurea .  proton secretion was also investigated. 
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Materials and Methods 

Plant Material 

Rice sativa cv. Taichung Native 1) 

seedlings were  cul tured a s  previously des-

cribed (Cheng and Kao, 1984). Briefly, seedlings 
were  planted on a stainless net  floating on 

half-strength Johnson's modified nut r ien t  

solution (Johnson et al., 1957) in a 500-ml beaker. 

T h e  nutr ient  solution (pH 4.8) was  refreshed 

every  five days. Rice seedlings were  grown 

in a green house with natural  day  light a t  30°C 

night. T h e  apical 3-cm segments of 

the  third leaves of 12-day-old seedlings were  

used for  the measurement of proton secretion. 

Measurements of Proton Secretion 

T h e  leaf segments were  cut  into 

pieces. Four hundred and f if ty 0.2 cm segments 

weighing 150 m g  were  incubated in 5 solution 

containing 250 mannitol and 1 a t  

27°C and were shaken on a shaker a t  a speed 

of 70 cycles per minute. T h e  light intensity 

used was For  da rk  treatment ,  flasks 
containing leaf segments were  wrapped in 

aluminum foil. Proton secretion from leaf 

segments was made by measuring the  changes 
of the  pH = (final pH-initial 

in the  medium a t  frequent  intervals  o r  a t  4 h 

a f t e r  incubation. T h e  initial pH was  adjusted 

with 1 to pH 6.5 to  6.8. 

Results 

T h e  effect of light on proton secretion by  

rice leaf segments is shown in Fig. 1. Light 

clearly resulted in t he  pH decrease of t he  

medium containing Mannitol was  found 

to  amplify proton secretion. In the  following 
studies, 250 mannitol was included unless 
otherwise indicated. 

Most proton secretion assays were carr ied 

out in the  presence of I t  would be 
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LIGHT 

DARK 


Fig. 1. 	 Effect of mannitol on proton secretion in the 
light and in the dark. 

g r ea t  in teres t  t o  investigate cation effects on 

t h e  light stimulation of proton secretion. Figure 

2 shows the  proton secretion by leaf segments  

in the  presence of KCI, NaCl, and 
respectively, under  light and dark  

conditions. Pro ton  secretion was found to  be 

promoted by  KCI, and under  light 

and da rk  conditions when compared with the  
control (mannitol only). However, had 
inhibitory effect on proton secretion in t h e  
light and in the  dark.  Figure 2. also indicated 

t h a t  light-stimulated proton secretion was 

DARK I 
LIGHT 

MANNITOL MANNITOL MANNITOL MANNITOL 

Fig. 2. Effect of cations on proton secrtion in the light 
and in the dark.  T h e  cation concentration was  

Proton secretion was  determined a t  

a f t e r  incubation. 
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observed in t he  presence of In contrast ,  

l ight inhibited proton secretion when leaf 

segments were  in t he  presence of 
Light,  on the  o the r  hand ,  exerted no  
motive effect on proton secretion in t he  
presence of 

Figure 3. shows anion effect on the  proton 

secretion by segments  unde r  light and  da rk  

conditions. No significant difference in proton 

secretion was observed among anions unde r  

light condition. However,  proton secret ion 

under  dark  condition was stimulated by  the  
anions with the  decreasing order :  

I t  is interest ing t h a t  proton 
secretion was inhibited by l ight  when 
was included in t he  medium. In addition, 
proton secretion by leaf segments  into 

solution under  light condition was similar t o  

t ha t  in the  dark.  

MANNITOL MANNITOL MANNITOL MANNITOL MANNITOL MANNITOL+ + + + 
K I 

Fig. 3. 	 Effect  of anions  on proton secre t ion in t h e  
light and  in the  d a r k .  Anion concentra t ion w a s  

Proton secre t ion w a s  de te rmined  a t  4  h  
a f t e r  incubation. 

T h e  influence of photosynthesis on proton 

secretion was examined by the  addition of 

DCMU. DCMU did not  affect  proton secret ion 

in the  da rk  (Fig. 4). However,  DCMU signific-
ant ly decreased proton secretion by leaf 
segments  under  illumination. These  da t a  

suggest  t h a t  l ight-stimulated proton secretion 

is related to  photosynthetic system. 
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DARK DARK LIGHT LIGHT+ 
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Fig. 4. 	 Effect  of DCMU on proton secretion by r ice  
leaf segments.  DCMU concentra t ion w a s  
Proton secre t ion w a s  determined a t  4h a f t e r  
incubation. 

significantly depressed the  acid-
ification of t he  medium unde r  da rk  and  l ight  
conditions (Fig. 5). I t  is important  t o  note t h a t  

this  effect  cannot  be due  t o  i ts  buffer capacity 
since the  control includes phosphate buffer.  
Table shows t h a t  fusicoccin had s t r o n g  
effect in promoting proton secretion. 

2 .0  

I 

1.0 

DARK DARK LIGHT LlGHT+ + 

Fig. 5. Effect  of on proton secre t ion by  r ice  
leaf  segments.  concentra t ion w a s  

T h e  solutions of l ight a n d  d a r k  controls 
contained 0.25 sodium phosphate bu f fe r ,  
5 a n d  Proton secre t ion 
w a s  de te rmined  a t  4h a f t e r  incubation. 

T h e  effects  of BA, CHI and  ABA on proton 

secretion by  leaf segment  under  light and da rk  
conditions a r e  shown in Fig. 6. Pro ton  secretion 
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Table 1. Effect of fusicoccin on secretion. 
by rice leaf segments under  light and dark 

condition. Proton secretion determined 

at 4 h  after incubation 

T r e a t m e n t  

Light 1 

L igh t i fu s i cocc in ,  p m  2.02 

L i g h t f  fusicoccin, 1 2.63 

D a r k  0.83 

0.1 1.79 

2.54 

DARK 


LIGHT 

CONTROL BA CHI 

Fig. 6. Effec t  of CHI, BA and  ABA on  proton secre t ion  
in t he  l ight and  in  t he  d a r k .  T h e  concentra t ion  
of BA and  ABA w a s  w h e r e a s  t h a t  of 
CHI w a s  P ro ton  secre t ion  w a s  de t e rmined  
a t  4h a f t e r  incubation.  

Table 2. Effect of indoleacetic acid proton 

secretion by rice leaf segments under  light 


and dark condition. Proton secretion 


was determined at 4h after incubation 


Indoleacetic acid 
Light  D a r k  

was found to be promoted by BA and inhibited 
by  CHI and ABA. T h e  st imulatory effect of 

BA on proton secretion has  been found in 

several  experiments. T h e  effect  of BA, though 
slight,  was  therefore  not a n  accidental event ,  

but  r a t h e r  a t r u e  effect. Table  2 shows tha t  
indoleacetic acid significantly inhibited proton 
secretion by  rice leaf segments  under  both 

light and  da rk  conditions. T h e  inhibition of 
proton secretion is  increased with increasing 

of concentrat ion of indoleacetic acid. 

Discussion 

Since the  concentrat ion of the  outer  

medium (pH 6.5-6.8) was  higher  t han  t h a t  of 

t he  cytoplasm, which is considered to  be a pH 
of about  7.0-7.5 (Smith and  Raven, proton 
secretion by  rice leaf segments  a s  shown in 

ou r  s tudies  therefore  was  considered to be a n  

act ive process. T h e  changes in t he  ra te  of 

proton secretion reported he re  a r e  unlikely 
due  to  accumulation of respiratory.  o r  

photosynthetic depletion of since leaf 

segments  were  vigorously shaken. 

is known to  inhibit t he  plasma 

membrane located ATPase,  whereas  n i t ra te  

has  a n  inhibitory effect on tonoplast-type and 

mitochondria (Rea and  Sanders ,  
1987; 1985). Fusicoccin is known to  have 

a n  act ivat ing influence on plasma membrane 

ATPase  1979). T h e  resul ts  of 
sensitivity, no inhibition by  n i t ra te  and  act ivat -
i ng  influence of fusicoccin s t rongly  suppor t  
the  conclusion t h a t  proton secretion by  rice 

leaf segments  originated f rom ATP-driven 

pump located in t h e  plasma membrane. 

Pro ton  secretion by  rice segments  is 
unlikely via a n  a s  suggested 
by  Lin (1979) in corn  roots,  since not only 

but  also and  Mg2+ had  a significant effect 

on the  ne t  release of 
Pro ton  secretion assays a r e  commonly ca r -

ried out  in t he  presence of KCI. From our  
results,  i t  is suggested tha t  a n  optimum assay 
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11. P i t m a n  

Chen Kao- Proton secre t ion  and  r ice  i eaves  

should include o r  to  manifest both 

cation and anion effects. Our  result also shows 
tha t  proton secretion was  enhanced by  the  
presence of mannitol. Gepstein (1982) sug -
gested tha t  t he  amplification of proton secre -
tion by mannitol was a t t r ibu ted  to  t he  reduc-

tion of t u rgo r  pressure which might  affect 
t he  activity of a plasma membrane 

T h e  inhibition of proton secretion by 

CHI seems to  suggest  t ha t  protein synthesis is 

required for  proton secretion. I t  has  long been 

recognized tha t  plant hormones play a n  

important  role in t he  regulation of ion t r ans -
port  (Van Steveninck, 1976). We found tha t  

BA promoted and  ABA inhibited proton 
secretion by rice leaf segments. Indoleacetic 

acid is known to  promote proton secretion by 

coleoptile and hypocotyl segments  (Van 

veninck, 1976). However,  we  found tha t  proton 

secretion by rice leaf segments  was  signifi-

cantly inhibited by indoleacetic acid. I t  seems 
tha t  the effect of acid on proton 

secretion is t issue specific. I t  remains to  be 

elucidated whether  BA, indoleacetic acid and 

ABA affect proton secretion via direct  effect 
on the activity of a plasma membrane 

o r  metabolic processes which involve 
t he  establishment of proton gradiants .  

Light has  been shown to  stimulate proton 

secretion by oat,  pea and bean leaves 
but  inhibit pr ton secretion from isolated 

mesophyll cells (Bown, 1982; Bown 

and Nicholls, 1985; Gepstein, 1982; Lut tge  et al., 

1970; Nobel, 1969; Van Volkenbourgh and 
cleland, 1980). In  this  s tudy,  we found tha t  
l ight-stimulated proton secretion is detectable 

when the  outer  medium includes solutions of 

KI, and In  cont ras t ,  l ight 

was  observed to inhibit proton secretion in 

the  presence of and I t  appears  

t ha t  t he  influence of light on proton secretion 

depends on the  assay condition. 
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